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(54) Polishing Apparatus

(57) A polishing apparatus for polishing a workpiece

such as a semiconductor wafer has a turntable with a

polishing cloth mounted on an upper surface thereof,

and a top ring for holding a workpiece and pressing the

workpiece against the polishing cloth under a first

pressing force to polish the workpiece. The top ring has

a recess defined therein for accommodating the work-

piece therein. A presser ring is vertically movabiy dis-

posed around the top ring, and is pressed against the

polishing cloth under a variable second pressing force.

The first and second pressing forces are variable inde-

pendently of each other, and the second pressing force

is determined based on the first pressing force. The rel-

ative rotation between the top ring and the presser ring

is made during polishing.
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Description

BACKGROUND OF THE INVENTION

Field of the Invention:

The present invention relates to a polishing appara-

tus for polishing a workpiece such as a semiconductor

wafer to a flat mirror finish, and more particularly to a

polishing apparatus having a mechanism which can

control the amount of a material removal from a periph-

eral portion of the workpiece by a polishing action.

Description of the Related Art:

Recent rapid progress in semiconductor device

integration demands smaller and smaller wiring pat-

terns or interconnections and also narrower spaces

between irrt rconnections which connect active areas.

One of the processes available for forming such inter-

connection is photolithography. Though the photolitho-

graphic process can form interconnections that are at

most 0.5 wide, it requires that surfaces on which

pattern images are to be focused by a stepper be as flat

as possible because the depth of focus of the optical

system is relatively small.

Conventionally, a polishing apparatus has a turnta-

ble and a top ring which rotate at respective individual

speeds. A polishing cloth is attached to the upper sur-

face of the turntable. A semiconductor wafer to be pol-

ished is placed on the polishing cloth and clamped

between the top ring and the turntable. An abrasive liq-

uid containing abrasive grains is supplied onto the pol-

ishing cloth and retained on the polishing cloth. During

operation, the top ring exerts a certain pressure on the

turntable, and the surface of the semiconductor wafer

held against the polishing cloth is therefore polished by

a combination of chemical polishing and mechanical

polishing to a flat mirror finish while the top ring and the

turntable are rotated. This process is called Chemical

Mechanical polishing.

If the semiconductor wafer is not pressed against

the polishing cloth under forces which are uniform over

the entire surface of the semiconductor wafer, then the

semiconductor wafer tends to be polished insufficiently

or excessively in bcal areas depending on the applied

forces. The following arrangements have been pro-

posed in the art to prevent the semiconductor wafer

from being pr ssed against the polishing cloth under

irregular forces.

1) One conventional solution has been to apply an

elastic pad of polyurethane or the like to a work-

piece holding surface of the top ring for uniformizing

a pressing force applied from the top ring to the

semiconductor wafer.

2) According to another solution, the top ring, i.e., a

workpiece carrier for holding a semiconductor wafer

is tillable with respectto thesurface of the polishing

doth.

3) Still another attempt has been to press a region

of the polishing cloth surrounding the semiconduc-

s tor wafer, independently of the semiconductor

wafer, for thereby eliminating an appreciable step

between a region of the polishing cloth pressed by

the semiconductor wafer and the surrounding

region thereof.

70

FIG. 8 of the accompanying drawings shows a con-

ventional polishing apparatus. As shown in FIG. 8, the

conventional polishing apparatus comprises a turntable

41 with a polishing cloth 42 attached to an upper sur-

75 face thereof, a top ring 45 for holding a semiconductor

wafer 43 to press the semiconductor-wafer 43 against

the polishing doth 42, and an abrasive liquid supply

nozzle 48 tor supplying an abrasive liquid Q^gbthe pol-

ishing doth 42. The top ring 45 is connected to a top

20 ring shaft 49, and is provided with an: elastic pad 47 of

polyurethane or the like on its lower Surface. The semi-

conductor wafer 43 is held by the tbp ring 45 in contact

with the elastic pad 47. The top ring 45 also has a cylin-

drical presser ring 46A on an outer drcumferential edge

25 thereof for retaining the semiconductor wafer 43 on the

lower surface of the top ring 45. Specifically, the presser

ring 46A is fixed to the top ring 45, and has a lower end

projecting downwardly from the lowe* surface of the top

ring 45 for holding the semiconductbr wafer 43 on the

30 elastic pad 47 against removal off fif^top ring 45 under

frictional engagement with the polisWng cloth 42 during

a polishing process.

In operation, the semiconductor, wafer 43 is held

against the lower surface of the elastic pad 47 which is

35 attached to the lower surface of the top ring 45. The
semiconductor wafer 43 is then preyed against the pol-

ishing doth 42 on the turntable 41" by^the top ring 45,

and the turntable 41 and the top^rtjSj AS are rotated

independently of each other to movethe polishing doth

40 42 and the semiconductor wafer 43^latively to each

other, thereby polishing the semiconductor wafer 43.

The abrasive liquid Q comprises an alkaline solution

containing an abrasive grain of fine particles suspended

therein, for example. The semiconductor wafer 43 is pol-

45 ished by a composite action comprising a chemical pol-

ishing action of the alkaline solution and a mechanical

polishing action of the abrasive grain.

FIG. 9 of the accompanying drawings shows in a

fragmental cross-section the semiconductor wafer 43,

so the polishing doth 42, and the elastic pad 47. As shown
in FIG. 9, the semiconductor wafer 43 has a peripheral

portion which is a boundary between contact and non-

contact with the polishing doth 42 and also is a bound-

ary between contact and noncontact with the elastic

55 pad 47. At the peripheral portion of the semiconductor

wafer 43, the polishing pressure applied to the semicon-

ductor wafer 43 by the polishing doth 42 and the elastic

pad 47 is not uniform, thus the peripheral portion of the

2
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semiconductor wafer 43 is liable to be polished to an

excessive degree. As a result, the peripheral edge of

the semiconductor wafer 43 is often polished into an
edge-rounding.

In order to prevent the peripheral portion of the

semiconductor wafer from being excessively polished,

there has been proposed in Japanese patent applica-

tion No. 8-54055 by the applicant of the present inven-

tion a polishing apparatus having a structure for

pressing an area of the polishing cloth which is located

around the peripheral portion of the semiconductor

wafer.

FIG. 10 of the accompanying drawings shows the

polishing apparatus disclosed in Japanese patent appli-

cation No. 8-54055. As shown in FIG, 10, a semicon-

ductor wafer 43 is held by a top ring 45 and pressed

against a polishing cloth 42 on a turntable 41. The sem-
iconductor wafer 43 is retained on the top ring 45 by a

cylindrical retaining portion extending downwardly from

the top ring 45. A presser ring 46 is disposed around

and connected to the top ring 45 by keys 58. The keys

58 allow the presser ring 46 to move vertically with

respect to the top ring 45 and to rotate together with the

top ring 45. The presser ring 46 is rotatably supported

by a radial bearing 59 which is held by a bearing holder

60 operatively coupled by a plurality of (e.g. three) cir-

cumferentially spaced shafts 61 to a plurality of (e.g.

three) circumferentially spaced presser ring air cylin-

ders 62. The presser ring air cylinders 62 are fixedly

mounted on a top ring head 59. The top ring 45 has an
upper surface held in sliding contact with a spherical

bearing 65 that is slidably supported on the lower end of

a top ring shaft 66. The top ring shaft 66 is rotatably

supported by the top ring head 59. The top ring 45 is

vertically movable by a top ring air cylinder 67 mounted
on the top ring head 59 and operatively connected to

the top ring shaft 66.

The top ring air cylinder 67 and the presser ring air

cylinders 62 are connected to a compressed air source

64 respectively through regulators R1 and R2. The reg-

ulator R1 regulates the air pressure supplied from the

compressed air source 64 to the top ring air cylinder 67
to adjust the pressing force for pressing the semicon-

ductor wafer 43 against the polishing cloth 42 by the top

ring 45. The regulator R2 regulates the air pressure

supplied from the compressed air source 64 to the

presser ring air cylinders 62 to adjust the pressing force

for pr ssing the presser ring 46 against the polishing

cloth 42. By adjusting the pressing force of the pressor

ring 46 with respect to the pressing force of the top ring

45, the distribution of polishing pressures is made con-

tinuous and uniform from the center of the semiconduc-

tor wafer 43 to fts peripheral edge and further to the

outer circumferential edge of the presser ring 46 dis-

posed around the semiconductor wafer 43. Conse-

quently, the peripheral portion of the semiconductor

wafer 43 is prevented from being polished excessively

or insufficiently.

In the polishing apparatus proposed in Japanese

patent application No. 8-54055, the top ring 45 and the

presser ring 46 are integrally rotated, thus there occurs

no relative rotation between the semiconductor wafer 43

s held by the lower surface of the top ring 45 and the

presser ring 46. Therefore, the polishing is performed in

such a state that the outer circumferential edge of the

semiconductor wafer 43 and the inner circumferential

surface of the presser ring 46 are always in confronta-

10 tion with each other at the same portions or areas.

However, the pressing surface, i.e., the lower end

surface of the presser ring 46 is not necessarily flat

microscopically, and has undulations or irregularities,

and hence there occurs a small difference locally in

75 deformation of the polishing cloth to lead to nonuniform

deformation of the polishing cloth around the semicon-

ductor wafer. This nonuniform deformation of the polish-

ing cloth affects the amount of the material removed

from the peripheral portion of the semiconductor wafer,

20 and the entire peripheral portion of the semiconductor

wafer cannot be polished uniformly. Further, since the

presser ring does not have uniform vertical thickness in

an entire circumference, the entire peripheral portion of

the semiconductor wafer cannot be also polished uni-

25 formly.

Further, in the polishing apparatus disclosed in Jap-

anese patent application No. 8-54055, by pressing a
wide area of the polishing cloth around the peripheral

portion of the semiconductor wafer by the presser ring,

30 the distribution of applied polishing pressures, which

result from a combination of the pressing forces exerted

by the top ring and the presser ring, is continuous and

uniform from the center of the semiconductor wafer to

its peripheral edge and further to an outer circumferen-

35 tial edge of the presser ring. Therefore, the presser ring

is required to have a relatively large radial thickness,

providing a relatively large surface area on its lower

pressing surface. Insofar as the surface of the polishing

cloth and the lower surface of the presser ring lie paral-

40 lef to each other, no problem arises. However, if the sur-

face of the polishing cloth and the lower surface of the

presser ring are brought out of parallelism with each

other due to undulations or irregularities of the surface

of the polishing cloth, then only an outer peripheral por-

45 tion of the presser ring 46 presses the polishing cloth 42

as shown in FIG. 11 of the accompanying drawings.

When the condition of the polishing cloth shown in FIG.

11 occurs, the polishing cloth 42 tends to rise near the

peripheral portion of the semiconductor wafer 43, and

so hence the peripheral portion of the semiconductor wafer

43 is liable to be polished to an excessive degree, thus

causing an edge-rouding.

The top ring 45 needs to provide a downwardly

open recess in its lower surface for holding the semicon-

55 ductor wafer 43 therein. Such a downwardly open

recess may be formed by an outer circumferential wall

extending downwardly integrally from the top ring 45 or

an annular retainer ring fixedly provided around the top

3
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ring 45. If the top ring 45 is made of ceramics, then it is

not practical to provide the top ring 45 with such adown-
wardly extending outer circumferential wall from the

viewpoint of machining or production cost. Another way

of providing a downwardly open recess in the lower sur-

face of the top ring 45 is to secure a retainer ring 50

around the top ring 45, as shown in FIG. 11. With the

retainer ring 50 interposed between the outer circumfer-

ential edge of the semiconductor wafer 43 and the

presser ring 46, the distance between the inner circum-

ferential edge of the presser ring 46 and the outer cir-

cumfer ntial edge of the semiconductor wafer 43 is so

large that the presser ring 46 fails to press the polishing

cloth 42 near the outer circumferential edge of the sem-

iconductor wafer 43. As a result the polishing cloth 42

tends to rise near the outer circumferential edge of the

semiconductor wafer 43 which is then excessively pol-

ished into an edge-rounding.

SUMMARY OF THE INVENTION

It is therefore an object of the present invention to

provid a polishing apparatus having a presser ring dis-

posed around a top ring which can prevent a peripheral

portion of the workpiece from being polished exces-

sively or insufficiently for thereby polishing the work-

piece to a highly planarized finish.

According to one aspect of the present invention,

there is provided a polishing apparatus comprising: a

turntable with a polishing cloth mounted on an upper

surface thereof; a top ring for holding a workpiece and

pressing the workpiece against the polishing cloth

under a first pressing force to polish the workpiece. the

top ring having a retaining portion for retaining an outer

circumferential edge of the workpiece; a presser ring

positioned outwardly of the retaining portion, the

presser ring being vertically movable relative to the top

ring, and a relative rotation between the top ring and the

presser ring being made; and a pressing device for

pressing the presser ring against the polishing cloth

under a second pressing force which is variable.

With the above arrangement, since the relative

rotation between the top ring and the presser ring is

made, the relative movement between the semiconduc-

tor wafer held by the lower surface of the top ring and

the presser ring is made, and polishing is performed in

such a state that the outer circumferential edge of the

semiconductor wafer and the inner circumferential sur-

face of the presser ring are always in confrontation with

each other at different portions or areas. Thus, even if

the presser ring has a pressing surface with undulations

or irregularities, or nonuniform vertical thickness, and

hence the polishing cloth around the semiconductor

wafer is not uniformly deformed, the amount of a mate-

rial removed from the semiconductor wafer can be uni-

formized over the entire peripheral portion of the

semiconductor wafer. Consequently, the entire periph-

eral portion of the semiconductor wafer can be polished

uniformly.

According to another aspect of the present inven-

tion, there is provided a polishing apparatus comprising:

a turntable with a polishing cloth mounted on an upper

5 surface thereof; a top ring for holding a workpiece and

pressing the workpiece against the polishing cloth

under a first pressing force to polish the workpiece, the

top ring having a retaining portion for retaining an outer

circumferential edge of the workpiece; a presser ring

io positioned outwardly of the retaining portion, the

presser ring being vertically movable relative to the top

ring, and the presser ring having a ridge projecting

downwardly from an inner peripheral portion thereof

and forming on a lower end thereof a pressing surface

is which contacts the polishing cloth; and a pressing

device for pressing the presser ring against the polish-

ing cloth under a second pressing force which is varia-

ble.

With the above arrangement, the ridge projects

so downwardly from the inner peripheral portion of the

presser ring and the lower end surface of the ridge

serves as a pressing surface for pressing the polishing

cloth downwardly. Even if the surface of the polishing

cloth and the lower surface of the presser ring are

25 brought out of parallelism with each other for some rea-

sons, since the pressing surface on the inner peripheral

portion of the presser ring presses the polishing cloth,

the area of the polishing cloth extending from the press-

ing surface to the outer circumferential edge of the sern-

30 iconductor wafer and further to the radially inner area

thereof lies continuously flat providing a continuous

and uniform distribution of pressures from the central

region to outer circumferential edge of the semiconduc-

tor wafer and further to the pressing surface of the

35 presser ring outside of the semiconductor wafer.

Accordingly, the outer peripheral portion of the semicon-

ductor wafer is prevented from being polished insuffi-

ciently or excessively.

According to still another aspect of the present

40 invention, there is provided a polishing apparatus com-

prising: a turntable with a polishing cloth mounted on an

upper surface thereof; a top ring tor holding a workpiece

and pressing the workpiece against the polishing doth

under a first pressing force to polish the workpiece, the

45 top ring having a retaining portion for retaining an outer

circumferential edge of the workpiece; a presser ring

positioned outwardly of the retaining portion, the

presser ring being vertically movable relative to the top

ring; a pressing device for pressing the presser ring

so against the polishing cloth under a second pressing

force which is variable: and a cleaning liquid supply

device for supplying a cleaning liquid to a clearance

between the top ring and the presser ring.

The above and other objects, features, and advan-

55 tages of the present invention will become more appar-

ent from the following description when taken in

conjunction with the accompanying drawings in which

preferred embodiments of the present invention are
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shown by way of illustrative examples.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a vertical cross-sectional view of a polish-

ing apparatus according to a first embodiment of

the present invention;

FIG. 2 is an enlarged fragmentary vertical cross-

sectional view of the polishing apparatus shown in

FIG.1;

FIG. 3 is an enlarged fragmentary vertical cross-

sectional view of a portion of the polishing appara-

tus shown in FIG. 2;

FIG. 4 is an enlarged fragmentary vertical cross-

sectional view showing the manner in which the

polishing apparatus shown in FIG. 3 operates; and

FIGS. 5A through 5C are diagrams showing exper-

imental results obtained when semiconductor

wafers were polished by the polishing apparatus

with presser rings having pressing surfaces of dif-

ferent radial widths according to the present inven-

tion.

FIG. 6 is an enlarged fragmentary vertical cross-

sectional view of the polishing apparatus according

to a second embodiment of the present invention;

and
FIGS, 7A and 7B are enlarged fragmentary vertical

cross-sectional views of portions of the polishing

apparatus shown in FIG. 6.

FIG. 8 is a vertical cross-sectional view of a conven-

tional polishing apparatus;

FIG. 9 is an enlarged fragmentary vertical cross-

sectional view showing the state of a semiconduc-

tor wafer, a polishing cloth, and an elastic pad while

the semiconductor wafer is being polished by the

conventional polishing apparatus;

FIG. 10 is a vertical cross-sectional view of a polish-

ing apparatus which has been proposed by the

applicant of the present invention; and

FIG. 11 is an enlarged fragmentary cross-sectional

view showing the relationship of a retainer ring fixed

to the top ring, the presser ring and the polishing

cloth.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Next, a polishing apparatus according to embodi-

ments of the present invention will be described below

with reference to the drawings. Like or corresponding

parts are denoted by like or corresponding reference

numerals throughout views.

As shown in FIGS. 1 and 2, a polishing apparatus of

a first embodiment of the present invention has a top

ring 1 comprising a top ring body 1A and a retainer ring

1 B detachably fixed to an outer circumferential edge of

the top ring body 1A by bolts 31. The top ring 1 has a

recess 1a for accommodating a semiconductor wafer 4

therein. The recess 1a is defined jointly by a lower sur-

face of the top ring body 1 A and an inner circumferential

surface of the retainer ring 1B. The semiconductor

wafer 4 accommodated in the recess 1a has an upper

5 surface held by the lower surface of the top ring body 1

A

and an outer circumferential edge held by the inner cir-

cumferential surface of the retainer ring 1 B. A presser

ring 3 is vertically movably disposed around the retainer

ring IB. An elastic member 17 having a U-shaped

w cross-section for preventing the top ring 1 from being

tilted excessively is disposed between the top ring 1 and

the presser ring 3.

The top ring 1 also includes an elastic pad 2 of poly-

urethane or the like attached to the lower surface of the

is top ring 1 . The semiconductor wafer 4 disposed in the

recess 1a has its upper surface held against the elastic

pad 2.

The polishing apparatus also has a turntable 5 dis-

posed below the top ring 1, and a polishing cloth 6
20 attached to an upper surface of the turntable 5. An

attachment flange 32 having an upwardly open semi-

spherical recess 32a defined in an upper surface

thereof is fixedly mounted on an upper surface of the top

ring body 1A. A vertical top ring shaft 8 is disposed

25 coaxially above the top ring 1 , and a drive shaft flange

34 having a downwardly open semispherical recess 34a

is fixedly mounted on the tower end of the top ring shaft

8. A spherical bearing 7 comprising a ball is received in

the semispherical recesses 32a and 34a. The top ring

30 body 1A and the attachment flange 32 jointly define a

gap or space 33 therebetween which can be evacuated

or supplied with a compressed air or a liquid such as

water. The top ring body 1A has a plurality of vertical

communication holes 35 defined therein which commu-
35 nicate with the space 33 and are open at the lower sur-

face of the top ring body 1 A. The elastic pad 2 also has

a plurality of openings which are in communication with

the respective communication holes 35. Therefore, the

upper surface of the semiconductor wafer 4 (see FIG. 1

)

40 held in the recess la can be attracted to the top ring

body 1A under vacuum developed in the space 33. Fur-

ther, the upper surface of the semiconductor wafer 4
held in the recess 1a can be supplied with a liquid or a

compressed air from the space 33.

45 The top ring shaft 8 is rotatably supported by a top

ring head 9 and operatively coupled to a top ring air cyl-

inder 10 fixedly mounted on the top ring head 9. The top

ring shaft 8 is vertically movable by the top ring air cylin-

der 10 for pressing the semiconductor wafer 4 held by

so the top ring 1 against the polishing cloth 6 on the turnta-

ble 5.

The top ring shaft 8 is connected through a key (not

shown) to a rotatable sleeve 11 in the top ring head 9.

The rotatable sleeve 1 1 has a timing pulley 12 mounted

55 on its outer circumferential surface and operatively con-

nected through a timing belt 13 to a timing pulley 15.

The timing pulley 15 is mounted on the rotatable shaft of

a top ring motor 14 that is fixedly mounted on the top

5
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ring head 9.

Therefore, when the top ring motor 14 is energized,

the sleeve 1 1 and the top ring shaft 8 are rotated in uni-

son with each other through the timing pulley 15. the

timing belt 13, and the timing pulley 12 to thereby rotate

the top ring 1 . The top ring head 9 is supported on an

upper end of a vertical top ring head shaft 16 fixedly

supported on a frame (not shown).

As shown in FIGS. 2 and 3, the presser ring 3 dis-

posed around the top ring 1 comprises a vertical stack

of presser ring members including a first presser ring

member 3a made of alumina ceramics and disposed at

a lowermost position, second and third presser ring

members 3b, 3c made of stainless steel and disposed

upwardly of the first presser ring member 3a, and a

fourth presser ring member 3d made of stainless steel

and disposed at an uppermost position. The second

through fourth presser ring members 3b - 3d are inter-

connected by bolts 36, and the first presser ring mem-
ber 3a is fixed to the second presser ring member 3b by

adhesion or the like. The first presser ring member 3a

has an annular ridge 3e projecting downwardly from an

inner peripheral portion thereof and having a pressing

surface 3f on its lower end for pressing the polishing

cloth 6. The pressing surface 3f has a radial width or

thickness t in the range of from 2 to 6 mm.
The presser ring 3 has an upper end coupled to a

plurality of presser ring air cylinders 22 (e.g. three) that

are fixedly connected to the top ring head 9. The
retainer ring 1 B is made of a metal such as stainless

steel, and has on its outer circumference a tapered sur-

face 1 Bt that is inclined radially inwardly in a downward

direction. The retainer ring 1B has a thin wall portion

1Bw extending downwardly from the tapered surface

1 Bt. The thin wall portion 1 Bw is thinner than the portion

of the retainer ring 1B above the lower end of the

tapered surface 1 Bt. The presser ring 3 has on its inner

circumference a tapered surface 3t that is inclined radi-

ally inwardly in a downward direction complementarily

to the tapered surface 1 Bt of the retainer ring 1 B. These

tapered surfaces 1 Bt, 3t and the thin wall portion 1 Bw of

the retainer ring 1B allow the pressing surface 3f to be

positioned as closely as possible to the outer circumfer-

ential edge of the semiconductor wafer 4 which is held

by the top ring 1 .

Because the distance between the inner circumfer-

ntial edge of the pressing surface 3f and the outer cir-

cumferential edge of the semiconductor wafer 4 is

minimized, the presser ring 3 can press the polishing

cloth 6 downwardly near the outer circumferential edge

of the semiconductor wafer 4 for thereby preventing the

outer circumferential edge of the semiconductor wafer 4

from being excessively polished. As shown in FIG. 3,

the tapered surface 1Bt. and outer, bottom and inner

surfaces of the thin wall portion 1 Bw of the retainer ring

1 B are coated with a layer 18 of a synthetic resin such

as polyetherketone (PEEK), polytetrafluoroethylene

(PTFE), or polyvinyl chloride (PVC). The coated layer

18 has a thickness of 100 microns or less. The coated

layer 1 8 on the metal retainer ring 1B is effective to pre-

vent the semiconductor wafer 4 from being contami-

nated with metal.

5 As shown in FIG. 1 , the top ring air cylinder 10 and

the presser ring air cylinders 22 are connected to a

compressed air source 24 respectively through regula-

tors R1 and R2. The regulator R1 regulates the air pres-

sure supplied from the compressed air source 24 to the

w top ring air cylinder 1 0 to adjust the pressing force of the

top ring 1 which presses the semiconductor wafer 4

against the polishing cloth 6. The regulator R2 regulates

the air pressure supplied from the compressed air

source 24 to the presser ring air cylinders 22 to adjust

is the pressing force of the presser ring 3 which presses

the polishing cloth 6.

In the illustrated embodiment, keys or similar rota-

tion transmitting members are not provided between the

top ring 1 and the presser ring 3. Therefore, while the

20 top ring 1 rotates about the axis of the top ring shaft 8

during operation of the polishing apparatus, the presser

ring 3 does not rotate about its own axis. That is, the rel-

ative rotation between the top ring 1 and the presser

ring 3 is made. Since the rotation of the top ring 1 is not

25 transmitted to the presser ring 3, the load on the top ring

shaft 8 when it rotates is relatively small. The polishing

apparatus is relatively simple in structure because the

presser ring 3 is directly operated by the presser ring air

cylinders 22 fixedly mounted on the top ring head 9.

30 An abrasive liquid supply nozzle 25 is disposed

above the turntable 5 for supplying an abrasive liquid Q
to the polishing cloth 6.

Operation of the polishing apparatus shown in

FIGS. 1 through 3 will be described below.

35 The semiconductor wafer 4 is held on the lower sur-

face of the elastic pad 2 on the lower surface of the top

ring 1, and the top ring air cylinder 10 is operated to

press the top ring 1 downwardly toward the turntable 5

for thereby pressing the semiconductor wafer 4 against

40 the polishing cloth 6 on the turntable 5 which is rotating.

At the same time, the abrasive liquid Q is supplied from

the abrasive liquid supply nozzle 25 onto the polishing

cloth 6 and is retained thereon. The lower surface of the

semiconductor wafer 4 is polished by the abrasive liquid

45 Q which is present between the lower surface of the

semiconductor wafer 4 and the polishing cloth 6. Specif-

ically, the abrasive liquid Q comprises an alkaline solu-

tion with fine abrasive particles suspended therein, for

example. The semiconductor wafer 4 is polished by a

so combination of a chemical etching action of the alkali

contained in the alkaline solution and a mechanical

abrasive action of the fine abrasive particles.

Depending on the force applied from the top ring air

cylinder 10 to the top ring 1, the pressing force of the

55 presser ring 3 for pressing the polishing cloth 6 by the

presser ring air cylinders 22 is adjusted for thereby pol-

ishing the semiconductor wafer 4 properly. As shown in

FIG. 1, while the semiconductor wafer 4 is being pol-

6
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ished, the pressing force F
t
which is applied by the top

ring 1 to press the semiconductor wafer 4 against the

polishing cloth 6 can be changed by the regulator R1,

and the pressing force F2 which is applied by the

presser ring 3 to press the polishing cloth 6 can be

changed by the regulator R2. Therefore, during the pol-

ishing process, the pressing force F2 applied by the

presser ring 3 to press the polishing cloth 6 can be

changed depending on the pressing force Fn applied by

the top ring 1 to press the semiconductor wafer 4

against the polishing cloth 6. By adjusting the pressing

force F2 with respect to the pressing force F1p the distri-

bution of polishing pressures is made continuous and

uniform from the center of the semiconductor wafer 4 to

its peripheral edge and further to the outer circumferen-

tial edge of the presser ring 3 disposed around the sem-

iconductor wafer 4. Consequently, the peripheral

portion of the semiconductor wafer 4 is prevented from

being polished excessively or insufficiently. The semi-

conductor wafer 4 can thus be polished to a high quality

and with a high yield.

If a greater or smaller thickness of material is to be

removed from the peripheral portion of the semiconduc-

tor wafer 4 than from the inner region of the semicon-

ductor wafer 4, then the pressing force F2 applied by the

presser ring 3 is selected to be of a suitable value based

on the pressing force F-, applied by the top ring 1 to

intentionally increase or reduce the amount of a mate-

rial removed from the peripheral portion of the semicon-

ductor wafer 4.

According to the illustrated embodiment, during the

polishing process of the semiconductor wafer 4, the top

ring 1 is rotated about its own axis by the top ring shaft

8, but the presser ring 3 is nonrotatable about its own

axis because the presser ring 3 is coupled through the

air cylinders 22 to the stationary top ring head 9. There-

fore, the relative rotation between the semiconductor

wafer 4 held by the lower surface of the top ring 1 and

the presser ring 3 is made, and hence polishing is per-

formed in such a state that the outer circumferential

edge of the semiconductor wafer 4 and the inner cir-

cumferential surface of the presser ring 3 are always in

confrontation with each other at different portions or

areas. Thus, even if the presser ring 3 has the pressing

surfac 3f with undulations or irregularities, or nonuni-

form vertical thickness, and hence the polishing cloth 6

around the semiconductor wafer 4 is not uniformly

deformed, the amount of a material removed from the

semiconductor wafer 4 can be uniformized over the

entire peripheral portion of the semiconductor wafer 4,

Consequently, the entire peripheral portion of the semi-

conductor wafer 4 can be polished uniformly.

Further, by disconnecting the presser ring 3 and the

air cylinders 22, the presser ring 3 may be rotated inde-

pendently of the top ring 1 by a friction torque caused by

the turntable 5 or a discrete rotating mechanism for

rotating the presser ring 3 at a given speed lower than

that of the top ring 1, e.g., at a speed of 1/10 of the top

ring 1.

According to the illustrated embodiment, since the

ridge 3e projects downwardly from the inner peripheral

portion of the presser ring 3 and the lower end surface

5 of the ridge 3e serves as the pressing surface 3f for

pressing the polishing cloth 6, the pressing surface 3f

has a relatively small radial width or thickness. Even if

the surface of the polishing cloth 6 and the lower surface

of the presser ring 3 are brought out of parallelism with

10 each other for some reasons, since the pressing surface

3f on the inner peripheral portion of the presser ring 3

presses the polishing cloth 6, as shown in FIG. 4, the

area of the polishing cloth 6 extending from the pressing

surface 3f to the outer circumferential edge of the semi-

is conductor wafer 4 and further to the radially inner area

thereof lies continuously flat, providing a continuous

and uniform distribution of pressures from the central

region to the outer circumferential edge of the semicon-

ductor wafer 4 and further to the pressing surface 3f of

20 the presser ring 3 outside of the semiconductor wafer 4.

Accordingly, the outer peripheral portion of the semicon-

ductor wafer 4 is prevented from being polished insuffi-

ciently or excessively.

FIGS. 5A through 5C show experimental results

25 obtained when semiconductor wafers were polished by

the polishing apparatus according to the present inven-

tion with the presser rings 3 having pressing surfaces 3f

of different radial widths. The semiconductor wafers

used in the experimentwere an 8-inch wafer. The press-

30 ing force applied by the top ring 1 to the semiconduc-

tor wafers was 500 gf/cm2 , and the pressing force F2
applied by the presser rings 3 to the polishing doth 6

was 1000 gf/cm2 . FIG. 5A shows experimental results

when the pressing surface 3f had a width t of 12.5 mm,
35 FIG. 5B shows experimental results when the pressing

surface 3f had a width t of 6 mm, and FIG. 5C shows

experimental results when the pressing surface 3f had a

width t of 2 mm. In each of the graphs shown in FIGS.

5A - 5C, the horizontal axis represents the distance

40 (mm) from the center of the semiconductor wafer, and

the vertical axis represents the polishing rate (ang-

strom/minute).

As can be seen from FIGS. 5A - 5C, the polishing

rate in the radial direction of the semiconductor wafer 4

45 is affected by the width t of the pressing surface 3f of the

presser ring 3. Specifically, as the width t of the pressing

surface 3f of the presser ring 3 decreases, the exces-

sive and insufficient polishing of the outer peripheral

portion of the semiconductor wafer 4 is improved. The

so experimental results prove that the width t of the press-

ing surface 3f of the presser ring 3 should preferably be

6 mm or smaller, ff the width t of the pressing surface 3f

is smaller than 2 mm, then the pressing surface 3f can-

not press the polishing cloth 6 effectively over the entire

55 area around the outer circumferential edge of the semi-

conductor wafer 4. Therefore, it is desirable that the

width t of the pressing surface 3f is at least 2 mm.
The retainer ring 1B has the tapered surface 18t

7
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and the presser ring 3 has the tapered surface 3t, and

these tapered surfaces 1 Bt, 3t are arranged to bring the

pressing surface 3f as close as possible to the outer cir-

cumferential edge of the semiconductor wafer 4 held by

the top ring 1. Since the presser ring 3 can press the

polishing cloth 6 near the outer circumferential edge of

the semiconductor wafer 4, the presser ring 3 is effec-

tive in preventing the outer peripheral portion of the

semiconductor wafer 4 from being excessively polished.

The retainer ring 1B and the presser ring 3 are

made of materials optimum for their functions in the pol-

ishing apparatus. Particularly, the retainer ring 1B is

made of metal, and the outer, bottom and inner surfaces

of the thin wall portion 1 Bw are coated with a synthetic

resin layer 18 which is relatively soft because the inner

surface of the thin wall portion 1Bw is held in contact

with the semiconductor wafer 4 and the lower surface

thereof is held out of contact with the polishing cloth 6.

If the thin wall portion 1Bw of metal is not coated with a

soft layer, but exposed, then K would possibly damage
the semiconductor wafer 4 in the polishing process.

Even when the retainer ring IB and the presser ring 3

are brought into contact with each other, they contact

each other through the synthetic resin layer 18, and

hence they are not damaged from each other. Thus, the

relative motion (vertical motion and rotating motion)

between the presser ring 3 and the retainer ring 1 B can

be made smoothly.

The first presser ring member 3a is held out of con-

tact with the semiconductor wafer 4, but held in contact

with the polishing cloth 6. Therefore, the first presser

ring member 3a is made of a material which is hard and
highly resistant to wear and has a low coefficient of fric-

tion, such as alumina ceramics. Specifically, the presser

ring 3 should preferably be subject to minimum wear
and small frictional resistance upon frictiona! contact

with the polishing cloth 6. Furthermore, particles that

are produced from the presser ring 3 when it is worn

should not adversely affect semiconductor devices

which are formed on the semiconductor wafer 4. Iras-

much as the first presser ring member 3a is held out of

contact with the semiconductor wafer 4, the above

requirements may be met if the first presser ring mem-
ber 3a is made of alumina ceramics or the like. Alterna-

tively, the presser ring 3 may be made of any of various

other ceramic materials including silicon carbide (SiC),

zirconia, or the like. The presser ring 3 of those materi-

als is subject to minimum wear and produces minimum
heat while K is in contact with the polishing cloth 6.

In the first embodiment shown in FIGS. 1 through

5C, there is provided a clearance between the presser

ring 3 and the top ring 1 because the presser ring 3 is

required to move vertically with respect to the top ring 1

.

However, there is a possibility that a slurry-like abrasive

liquid containing abrasive grains enters the clearance

and adheres thereto to thus prevent the presser ring 3

from moving smoothly with respect to the top ring 1

.

Further, in some cases, the clearance between the

presser ring 3 and the top ring is filled with gas such as

air, and when polishing is started, although the semi-

conductor wafer 4 held by the top ring 1 contacts the

polishing cloth 6, the presser ring 3 does not move

5 downwardly and contact the polishing doth 6, and
hence the presser ring 3 cannot press the polishing

cloth 6 timely. It is desirable that the presser ring 3 con-

tacts the polishing cloth 6 at the same time or earlier

than that the semiconductor wafer 4 held by the top ring

io 1 contacts the polishing cloth 6.

ft is therefore an object of a second embodiment of

the present invention to provide a polishing apparatus

which allows the presser ring to vertically move
smoothly with respect to the top ring.

is FIGS. 6, 7A and 7B show the second embodiment

of the present invention. As shown in FIG. 6, according

to this embodiment, a cleaning liquid supply device 40 is

provided to supply a cleaning liquid to the clearance

between the presser ring 3 and the retainer ring 1B of

20 the top ring 1 . As shown in FIGS. 6 and 7B, the presser

ring 3 has a cleaning liquid supply hole 3h whose ends

are open at the inner circumferential surface of the

presser ring 3. The above openings are provided at

upper and lower sides of the elastic member 17. The
25 other end of the cleaning liquid supply hole 3h is open at

the upper end of the presser ring 3. The other end of the

cleaning liquid supply hole 3h may be open at the outer

circumferential surface of the presser ring 3. A tube 38
is connected to the cleaning liquid supply hole 3h of the

30 presser ring 3 through a connector 37, and the tube 38
is connected to a cleaning liquid supply source 39. The
cleaning liquid supply hole 3h t the connector 37, the

tube 38 and the cleaning liquid supply source 39 jointly

constitute the cleaning liquid supply device 40. Since

35 the presser ring 3 is nonrotatable, a cleaning liquid can

be easily supplied from the cleaning liquid supply

source 39 to the cleaning liquid supply hole 3h without

providing a rotary joint.

By supplying properly the cleaning liquid to a clear-

40 ance between the presser ring 3 and the retainer ring

1B of the top ring 1 from the cleaning liquid supply

device 40, a slurry- like abrasive liquid which has

entered the clearance can be washed away with the

cleaning liquid. Therefore, the abrasive liquid does not

45 adhere to the inner surface of the presser ring 3 and the

outer surface of the retainer ring 1B of the top ring 1,

and the presser ring 3 can be vertically moved smoothly.

Further, as shown in FIGS. 6 and 7A, a plurality of

vent holes 3i are formed in the presser ring 3 to dis-

50 charge gas such as air trapped in the clearance

between the presser ring 3 and the retainer ring 1B of

the top ring 1 . Therefore, gas is not trapped in the clear-

ance between the presser ring 3 and the retainer 1B of

the top ring 1 , and the vertical motion of the presser ring

55 3 can be made smoothly. Thus, when polishing is

started, the presser ring 3 can contact the polishing

cloth 6 in exact timing and can press the polishing cloth

6 at a desired value.

8
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Although a certain preferred embodiment of the

present invention has been shown and described in

detail, it should be understood that various changes and
modifications may be made therein without departing

from the scope of the appended claims. 5

According to its broadest aspect the invention

relates to a polishing apparatus for polishing a work-

piece, said apparatus comprising: a turntable with a pol-

ishing cloth; a ring for holding a workpiece and pressing

the workpiece against said polishing cloth, said ring 10

having a retaining portion for retaining an outer circum-

ferential edge of the workpiece.

It should be noted that the objects and advantages

of the invention may be attained by means of any com-
patible combination(s) particularly pointed out in the 15

items of the following summary of the invention and the

appended claims.

SUMMARY OF THE INVENTION
20

1 . A polishing apparatus for polishing a workpiece,

said apparatus comprising:

a turntable with a polishing cloth mounted on

an upper surface thereof; 25

a top ring for holding a workpiece and pressing

the workpiece against said polishing cloth

under a first pressing force to polish the work-

piece, said top ring having a retaining portion

for retaining an outer circumferential edge of 30

the workpiece;

a presser ring positioned outwardly of said

retaining portion, said presser ring being verti-

cally movable relative to said top ring, and a rel-

ative rotation between said top ring and said 35

presser ring being made; and
a pressing device for pressing said presser ring

against said polishing cloth under a second

pressing force which is variable.

40

2. A polishing apparatus wherein said pressing

device comprises a fluid pressure cylinder.

3. A polishing apparatus wherein said top ring is

supported by a top ring head, and said fluid pres- 45

sure cylinder is fixed to said top ring head.

4. A polishing apparatus wherein said presser ring

has a portion forming a pressing surface which con-

tacts said polishing cloth, and said portion is made so

of wear resistant material.

5. A polishing apparatus wherein said top ring com-
prises:

55

a main body for holding an upper surface of the

workpiece; and

a ring member detachably mounted on an

outer circumferential surface of said main body

and forming said retaining portion for retaining

the outer circumferential edge of the work-

piece;

wherein a recess is defined by a lower

surface of said main body and an inner circum-

ferential surface of said ring member.

6. A polishing apparatus wherein said ring member
has a lower portion coated with a synthetic resin

layer.

7. A polishing apparatus for polishing a workpiece,

said apparatus comprising:

a turntable with a polishing cloth mounted on

an upf3§r surface thereof ;

a top rlpg for holding a workpiece and pressing

the workpiece against said polishing cloth

undepg first pressing force to polish the work-

piece^aid top ring having a retaining portion

for reining an outer circumferential edge of

the workpiece;

a presser ring positioned outwardly of said

retaining portion, said presser ring being verti-

cally movable relative to said top ring, and said

presser ring having a ridge projecting down-
wardly from an inner peripheral portion thereof

and forming on a lower end thereof a pressing

surface which contacts, said polishing cloth;

and

a pressing device for pressing said presser ring

against said polishing cloth under a second

pressing force which is variable.

8. A polishing apparatus wherein said pressing sur-

face has a radial width ranging from 2 to 6 mm.
y

9. A polishing apparatus wherein said top ring com-
prises:

a main body for holding an upper surface of the

workpiece; and

a ring member detachably mounted on an
outer circumferential surface of said main body

and forming said retaining portion for retaining

the outer circumferential edge of the work-

piece, a recess being defined by a lower sur-

face of said main body and an inner

circumferential surface of said ring member;
wherein said ring member has on an

outer circumference thereof a first tapered sur-

face inclined radially inwardly in a downward
direction to form a thin wall portion, said thin

wall portion is thinner than a portion of said ring

member above said first tapered surface, said

presser ring has on an inner circumference

thereof a second tapered surface inclined radi-

9
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ally inwardly in a downward direction comple-

mentarity to said first tapered surface, and said

pressing surface is positioned dosely to an

outer circumferential edge of the workpiece

held by said top ring. 5

10. A polishing apparatus wherein said presser ring

has a portion forming said pressing surface and

made of wear resistant material.

10

11. A polishing apparatus wherein said ring mem-
ber has a lower portion coated with a synthetic

resin layer.

12. A polishing apparatus wherein said pressing 15

device comprises a fluid pressure cylinder,

13. A polishing apparatus wherein said top ring is

supported by a top ring head, and said fluid pres-

sur cylinder is fixed to said top ring head. 20

1 4. A polishing apparatus for polishing a workpiece,

said apparatus comprising:

a turntable with a polishing cloth mounted on 25

an upper surface thereof;

a top ring for holding a workpiece and pressing

the workpiece against said polishing cloth

under a first pressing force to polish the work-

piece, said top ring having a retaining portion 30

for retaining an outer circumferential edge of

the workpiece;

a presser ring positioned outwardly of said

retaining portion, sard presser ring being verti-

cally movable relative to said top ring; 35

a pressing device for pressing said presser ring

against said polishing cloth under a second

pressing force which is variable; and

a cleaning liquid supply device for supplying a

cleaning liquid to a clearance between said top 40

ring and said presser ring.

15. A polishing apparatus wherein said top ring

comprises:

45

a main body for holding an upper surface of the

workpiece; and

a ring member detachably mounted on an

outer circumferential surface of said main body

and forming said retaining portion for retaining so

the outer circumferential edge of the work-

piece, a recess being defined by a lower sur-

face of said main body and an inner

circumferential surface of said ring member;
wherein said cleaning liquid is supplied ss

to a clearance between said presser ring and

said ring member.

A2 • '

#

18

16. A polishing apparatus wherein said cleaning liq-

uid supply device comprises a cleaning liquid sup-

ply hole formed in said presser ring and having

open ends, one of which is open at an inner circum-

ferential surface of said presser ring and the other

of which is open at an upper end or an outer circun-

ferential surface of said presser ring, and a cleaning

liquid supply source for supplying said cleaning liq-

uid to said cleaning liquid supply hole

17. A polishing apparatus wherein said cleaning liq-

uid supply device supplies said cleaning liquid after

polishing said workpiece and before polishing a

subsequent workpiece.

18. A polishing apparatus wherein said presser ring

has a portion forming a pressing surface and made
of wear resistant material.

19. A polishing apparatus wherein said ring mem-
ber has a lower portion coated with a synthetic

resin layer.

20. A polishing apparatus wherein said pressing

device comprises a fluid pressure cylinder.

21 . A polishing apparatus wherein said top ring is

supported by a top ring head, and said fluid pres-

sure cylinder is fixed to said top ring head.

22. A polishing apparatus for polishing a workpiece,

said apparatus comprising:

a turntable with a polishing cloth mounted on
an upper surface thereof;

a top ring for holding a workpiece and pressing

the workpiece against said polishing cloth

under a first pressing force to polish the work-

piece, said top ring having a retaining portion

for retaining an outer circumferential edge of

the workpiece;

a presser ring positioned outwardly of said

retaining portion, said presser ring being verti-

cally movable relative to said top ring;

a pressing device for pressing said presser ring

against said polishing cloth under a second
pressing force which is variable; and

a vent hole for discharging gas from a clear-

ance between said top ring and said presser

ring.

Claims

1. A polishing apparatus for polishing a workpiece.

said apparatus comprising:

a turntable with a polishing cloth mounted on
an upper surface thereof;

10
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a top ring for holding a workpiece and pressing

the workpiece against said polishing cloth

under a first pressing force to polish the work-

piece, said top ring having a retaining portion

for retaining an outer circumferential edge of 5

the workpiece;

a presser ring positioned outwardly of said

retaining portion, said presser ring being verti-

cally movable relative to said top ring, and a rel-

ative rotation between said top ring and said 10

presser ring being made; and
a pressing device for pressing said presser ring

against said polishing cloth under a second
pressing force which is variable.

15

2. A polishing apparatus according to claim 1 , wherein

said pressing device comprises a fluid pressure cyl-

inder.

3. A polishing apparatus according to claim 2, wherein so

said top ring is supported by a top ring head, and
said fluid pressure cylinder is fixed to said top ring

head.

4. A polishing apparatus according to any of the pre- 25

ceding claims, wherein said presser ring has a por-

tion forming a pressing surface which contacts said

polishing cloth, and said portion is made of wear
resistant material, and/or wherein preferably said

top ring comprises: 30

a main body for holding an upper surface of the

workpiece; and

a ring member detachabiy mounted on an
outer circumferential surface of said main body 35

and forming said retaining portion for retaining

the outer circumferential edge of the work-

piece;

wherein a recess is defined by a lower

surface of said main body and an inner circum- 40

ferential surface of said ring member, and/or

wherein preferably said ring member has a

lower portion coated with a synthetic resin

lay r.

45

5. A polishing apparatus for polishing a workpiece,

said apparatus comprising:

cally movable relative to said top ring, and said

presser ring having a ridge projecting down-

wardly from an inner peripheral portion thereof

and forming on a lower end thereof a pressing

surface which contacts said polishing cloth;

and

a pressing device for pressing said presser ring

against said polishing cloth under a second

pressing force which is variable.

6. A polishing apparatus according to any of the pre-

ceding claims, wherein said pressing surface has a

radial width ranging from 2 to 6 mm, and/or wherein

preferably said top ring comprises:

a main body for holding an upper surface of the

workpiece; and

a ring member detachabiy mounted on an
outer circumferential surface of said main body
and forming said retaining portion for retaining

the outer circumferential edge of the work-

piece, a recess being defined by a lower sur-

face of said main body and an inner

circumferential surface of said ring member;
wherein said ring member has on an

outer circumference thereof a first tapered sur-

face inclined radially inwardly in a downward
direction to form a thin wall portion, said thin

wall portion is thinner than a portion of said ring

member above said first tapered surface, said

presser ring has on an inner circumference

thereof a second tapered surface inclined radi-

ally inwardly in a downward direction comple-

mentarity to said first tapered surface, and said

pressing surface is positioned closely to an
outer circumferential edge of the workpiece

held by said top ring, and/or wherein preferably

said presser ring has a portion forming said

pressing surface and made of wear resistant

material, and/or wherein preferably said ring

member has a lower portion coated with a syn-

thetic resin layer, and/or wherein preferably

said pressing device comprises a fluid pres-

sure cylinder, and/or wherein preferably said

top ring is supported by a top ring head, and

said fluid pressure cylinder is fixed to said top

ring head.

7. A polishing apparatus for polishing a workpiece,

said apparatus comprising:

a turntable with a polishing cloth mounted on

an upper surface thereof;

a top ring for holding a workpiece and pressing

the workpiece against said polishing cloth

under a first pressing force to polish the work-

piece, said top ring having a retaining portion

for retaining an outer circumferential edge of

a turntable with a polishing cloth mounted on
an upper surface thereof; so

a top ring for holding a workpiece and pressing

the workpiece against said polishing cloth

under a first pressing force to polish the work-

piece, said top ring having a retaining portion

for retaining an outer circumferential edge of ss

the workpiece;

a presser ring positioned outwardly of said

retaining portion, said presser ring being verti-

25
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the workpiece;

a presser ring positioned outwardly of said

retaining portion, said presser ring being verti-

cally movable relative to said top ring;

a pressing device for pressing said presser ring s

against said polishing cloth under a second

pressing force which is variable; and

a cleaning liquid supply device for supplying a

cleaning liquid to a clearance between said top

ring and said presser ring. 10

8. A polishing apparatus according to any of the pre-

ceding claims wherein said top ring comprises:

a main body for holding an upper surface of the is

workpi ce; and

a ring member detachably mounted on an

outer circumferential surface of said main body

and forming said retaining portion for retaining

the outer drcumferential edge of the work- so

piece, a recess being defined by a lower sur-

face of said main body and an inner

circumferential surface of said ring member;

wherein said cleaning liquid is supplied

to a clearance between said presser ring and 25

said ring member, and/or wherein preferably

said cleaning liquid supply device comprises a
cleaning liquid supply hole formed in said

presser ring and having open ends, one of

which is open at an inner circumferential sur- 30

face of said presser ring and the other of which

is open at an upper end or an outer circunfer-

ential surface of said presser ring, and a clean-

ing liquid supply source for supplying said

cleaning liquid to said cleaning liquid supply 35

hole, and/or wherein preferably said cleaning

liquid supply device supplies said cleaning liq-

uid after polishing said workpiece and before

polishing a subsequent workpiece, and/or

wherein preferably said presser ring has a por- <o

tion forming a pressing surface and made of

wear resistant material, and/or wherein prefer-

ably said ring member has a lower portion

coated with a synthetic resin layer, and/or

wherein preferably said pressing device com- 45

prises a fluid pressure cylinder, and/or wherein

preferably said top ring is supported by a top

ring head, and said fluid pressure cylinder is

fixed to said top ring head.

50

9. A polishing apparatus for polishing a workpiece,

said apparatus comprising:

a turntable with a polishing cloth mounted on

an upper surface thereof; ss

a top ring for holding a workpiece and pressing

the workpiece against said polishing cloth

under a first pressing force to polish the work-

piece, said top ring having a retaining portion

for retaining an outer circumferential edge of

the workpiece;

a presser ring positioned outwardly of said

retaining portion, said presser ring being verti-

cally movable relative to sad top ring;

a pressing device for pressing said presser ring

against said polishing cloth under a second

pressing force which is variable; and

a vent hole for discharging gas from a clear-

ance between said top ring and said presser

ring.

10. A polishing apparatus for polishing a workpiece,

said apparatus comprising:

a turntable with a polishing cloth;

a ring for holding a workpiece and pressing the

workpiece against said polishing cloth, said

ring having a retaining portion for retaining an
outer circumferential edge of the workpiece.

12
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(54) Polishing Apparatus

(57) A polishing apparatus for polishing a workpiece
such as a semiconductor wafer has a turntable with a
polishing cloth mounted on an upper surface thereof,

and a top ring for holding a workpiece and pressing the

workpiece against the polishing cloth under a first

pressing force to polish the workpiece. The top ring has
a recess defined therein for accommodating the work-

piece therein. A presser ring is vertically movably dis-

posed around the top ring, and is pressed against the

polishing cloth under a variable second pressing force.

The first and second pressing forces are variable inde-

pendently of each other, and the second pressing force

is determined based on the first pressing force. The rel-

ative rotation between the top ring and the presser ring

is made during polishing.
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CLAIMS INCURRING FEES

The present European patent application comprised at the time of filing mote then ten claims.

Only part of the claims have been paid within the prescribed time limit The present European search
report ha* been drawn up for the first ten claims and for those claims tor which claims fees have
been pafcl, namely cJaim(s):

No claims fees have been paid within the prescribed time limit The present European search report has
been drawn up for the first ten otalms.

LACK OF UNITY OF INVENTION

The Search Division considers that the present European patent application does not comply with the
requirements of unity of Invention and relates to sevsral Inventions or groups of inventions, namely:

see sheet B

AM further search fees have been paid within the fixed time limit The present European search report has
been oYawn up for all claims.

As all searchable claims could be searched without effort justifying an adoftional fee. the Search Division

did not Invite payment of any additional fee.

Only part of the further search fees have been paid within the fixed time limit The present European
search report has been drawn up for those parts of the European patent application which relate to the

inventions in respect of which search fees have been paid, namely claims:

Mono of the further search fees have been paid within the fixed time flmit The present European search

report has been drawn up for those parts of the European patent application which relate to the Invention

first mentioned In the claims, namely claims:

10,1.4,6,8
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The Search Division considers thai the present European patent application does not comply with the
requirements of unity of Invention and relates to several inventions or groups of invention*, namely:

1. Claims: 10,1,4,6,8

How to prevent the outer peripheral portion of the
semiconductor from being polished insufficiently or
excessively.

2. Claims: 10,1-3

Means to press the pressing ring, defined in Claim 1,
against the polishing cloth, also defined in Claim 1.

3. Claims: 19.1,8

Means for retaining the semiconductor in place.

4. Claims: 10,5,6,8

Means for pressing the polishing cloth, defined in Claim 5,
so that not all of the presser ring surface is in contact
with the said polishing cloth.

5. Claims: 10,7,8

Means for supplying a liquid to clean the clearance between
the top ring and the presser ring

6. Claims: 10,9

Means for discharging gas from the clearance between the top
ring and the presser ring.
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EP 98 18 6478

Application Numbtr

Claim(s) searched corrpletely:
16,1

Claim(s) searched incompletely:
4,6,8

Reason for the limitation of the search:

Present claims 4, 6 and 8 relate to an extremely large number of possible
apparatuses. In fact, these claims contain so many options and
alternatives that a lack of clarity and conciseness within the meaning of
Article 84 EPC arises to such an extent as to render a meaningful search
of the claims inpossible.

Consequently, the search has been carried out for those parts of these
claims which do appear to be clear and concise, namely:

Claim 4:
'A polishing apparatus according to any of the preceding claims, wherein
said presser ring has a portion forming a pressing surface which contacts
said polishing cloth, and said portion is made of wear resistant
material.

•

Claim 6:
"A polishing apparatus according to any of the preceding claims, wherein
said pressing surface has a radial width ranging from 2 to 6 mm.

Claim 8:
"A polishing apparatus according to any of the preceding claims wherein
said top ring comprises:

a main body for holding an upper surface of the workpiece; and
a ring menfcer detachably mounted on an outer circumferential surface

of said main body and forming said retaining portion for retaining the
outer circumferential edge of the workpiece, a recess being defined by a
lower surface of said main body and an inner circumferential surface of
said ring member."

Moreover claim 6 is not considered to be referring to claims 1, 2 and 3,
since in these claims no pressing surface is defined.

The applicant's attention is drawn to the fact that a search may be
carried out during examination following a declaration of no search under
Rule 45 EPC, should the problems which led to the declaration being
issued be overcome (see EPC Guideline C-VI, 8.5).
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